Abstract-Schemas have always played a crucial role in database management. For traditional relational and object databases, schemas have a relatively simple structure, and this eases their use for optimizing and typechecking queries.
I. INTRODUCTION AND MOTIVATION
The last few years have seen the rapid diffusion of the eXtensible Markup Language in many application fields. Born as the successor of SGML, XML soon became the natural way of representing data with loose structure; furthermore, its great flexibility made it a universal data representation format, and allowed the use of XML as a convenient medium for exchanging data between different applications. Finally, XML also acquired an important role in data exchange and data integration systems.
To support the diffusion of XML, several tools for transforming, querying, manipulating, and modeling XML data have been defined. In particular, the World Wide Web Consortium (W3C) introduced XSLT [1] and XQuery [2] as, respectively, the standard transformation and query languages for XML data; furthermore, W3C also defined two schema languages for XML data: DTDs [3] and XSDs [4] , [5] .
Schemas allow one to represent both the structure and the constraints of the data being processed. Schemas, hence, play a key role in many database tasks: 1) Query processing and optimization. Schemas are the basis of many query processing techniques. For instance, schemas are used to unfold recursive descents and to eliminate wildcards from queries; furthermore, many indexing techniques exploit schemas to build effective indexes; finally, schemas are the basis of many query unnesting techniques inherited from object-oriented systems. 2) Development of database applications. Schemas represent a key interface through which the developer interact with the database and manipulate the data. The developer defines the internal data structures of the application in terms of the structure of the database; schemas are also used during static analysis to typecheck programs and detect errors in the interaction with the database. 3) Data integration and exchange. When multiple databases must be integrated to provide a uniform interface over their data, schemas are the architrave on which the whole integration process lays. Indeed, schema integration is probably the most relevant integration problem, as it accounts for the definition of schema mappings reconciling the differences between heterogeneous schemas. Given the extensive use of schemas in databases, understanding their formal and practical properties is very important to exploit them in an effective and efficient way.
In particular, a deep understanding of the properties of schemas should allow the developer to avoid errors that may have a dramatic impact on the development cycle.
The purpose of this tutorial is to describe the foundations of schema and type languages for XML data, as well as their main applications in the field of XML databases and programming languages. We will describe the theoretical models behind these languages, their formal properties, and also present the complexity of the basic decision problems related to them. We will explore some theoretical and practical applications of schemas in the field of query processing; finally, we will discuss how decision problems can be efficiently solved, at the price of some restrictions on the expressible types.
This tutorial has both a theoretical and a practical relevance. From a theoretical point of view, it will help the audience understand the formal properties of XML schema languages, in particular for what concerns their expressive power. From a practical point of view, then, the tutorial will help the database designer choose the schema language most suitable for her application, by illustrating the current uses of schemas in the XML world. Furthermore, the tutorial will briefly cover the type system of XQuery, hence aiding developers and 978-1-4244-8960-2/11/$26.00 © 2011 IEEE ICDE Conference 2011practitioners in writing XQuery applications.
II. TUTORIAL OUTLINE Our tutorial is organized in two main thematic sections.
A. Foundations
We first introduce the most relevant schema languages for XML data (i.e., DTDs, XML Schema, and Relax NG [6] ), and the corresponding theoretical models. In particular, we will discuss regular expression types and theoretical models like extended DTDs and single-type extended DTDs. We will also introduce a few extensions to traditional regular expression operators, like, for instance, interleaving and counting.
After this introduction, we will focus our attention on three decision problems (i.e., membership, inclusion, and equivalence), and discuss their complexity. In particular, we will analyze the complexity of these problems for different classes of RE operators [7] .
B. Applications
In the second part of the tutorial we will illustrate some applications of schema analysis in the field of query processing.
To this aim we first review the most prominent typing approaches for XQuery and discuss their principles.
We will then move in a specific context, that of data integration, and we will see how schemas and type-checking can be used to detect errors in schema mappings. The approach we will describe is based on a form of type inclusion that: extends that used for XQuery type checking, is based on a notion of type projection, and allows one to understand when a mapping specification has to be revised due to a change in the target or the global schema [8] .
Then, we will see how static analysis can improve the scalability of a query engine by minimizing the amount of data to be loaded in main memory [9] . In particular, we will analyze an approach, still based on type projection, that allows one to carefully identify which data are strictly necessary for processing a query.
Another relevant application of schema analysis is to statically detect XML query-update independence, a crucial operation to efficiently maintain XML views when updates are performed on the database. We will see how a recent approach proposed by Benedikt and Cheney [10] ensures benefits by means of a quite fast type analysis.
C. Advanced Topics
In the third part of the tutorial we will discuss some advanced topics about schemas. In particular, we will introduce several classes of schemas (e.g., CHAREs [7] ), for which decision problems can be solved efficiently, and present an approach based on conflict-free types [11] , [12] , [13] for solving membership and inclusion in polynomial time.
III. INTENDED AUDIENCE AND COVERAGE
Our goal is to present a coherent starting point for ICDE attendees who are interested in understanding the foundations and applications of schemas for XML processing. We will not assume any background in XML schema languages, but will introduce them starting from the roots, giving broad coverage of many of the key ideas, making it appropriate for graduate students seeking new areas to study and researchers active in the field alike. He is member of the board of the EAPLS. He worked on database programming languages and type systems for these languages, especially in the fields of object oriented and XML data models.
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